previously undetected heart disease, and the community organization for this type of procedure outside Chicago was also obtained for comparison with the Chicago data.
Materials and Methods
The Council for Health Education, Michigan City, Indiana, an organization of civic leaders with previous experience in community-wide health projects, sponsored the project and carried out the organizational work.
An accurate census of the elementary and junior high schools was obtained and a schedule for the physical examinations and tape-recording sessions was prepared. In each school, the school nurse and a member of the tape-recording team gave a lecture-demonstration "pep-talk" to encourage the highest participation rate.
Each child was directly examined by two of six physicians performing the auscultatory examinations. These physicians had each completed at least 1 year of pediatric cardiology training and had previous training in pediatrics or internal medicine. Each physician noted his findings separately on a card. They then conferred to establish a final common opinion: no heart disease, positive for heart disease, or (in a few cases) not classifiable by physical examination alone. The child's heart sounds were then tape recorded at two sites, apex and base, in the supine position with portable equipment supplied by the Heart Disease Control Program, U. S. Public Health Service. The tape recordings were sent to two cardiologists, specially trained in tape recorded heart-sound interpretation. They noted their findings independently as no murmur, functional murmur, technically unsatisfactory (recall for repeat recording), or positive (suspicious of heart disease, recall for physical examination).
The data from this phase of the study (see performed by four diplomates of the American Sub-Board of Pediatric Cardiology. Two of these physicians each examined the patient independently, checked the patient's electrocardiogram and large x-ray of the chest, and noted his own findings on a card. The two then arrived at their conference finding. This procedure was then repeated by the other pair of cardiologists, separately and together. A final conference finding of the two pairs was then arrived at based on physical examination, x-ray of the chest, and the electrocardiogram. These seven evaluations were then re-recorded with children seated. Recordings were made with new equipment developed for the Chicago area high school study. The tape recordings were read by two specially trained cardiologists having no access to the results of direct examination, x-rays, or electrocardiograms. Upon completion of the aforementioned aspects of the study, the electrocardiograms were interpreted independently and "blindly" by three pediatric cardiologists, and the chest x-rays were read by a radiologist. These evaluations were compared with the diagnoses of the four pediatric cardiologists in their final conference. This effort was undertaken to evaluate the validity of the electrocardiogram and the x-ray for detection of heart disease in children.
All coded data were key-punched onto IBM cards for processing and analysis.
Results

Findings of the Original Examination Team and
Original Tape- Particularly in view of the six apparent false-positive diagnoses among the total of 28 children assessed as positive by the original examination team, it became important in assessing validity of the tape-recording procedure to compare its results with the findings of the second examination team. Analysis of the data in this way revealed that seven children with organic heart disease were missed by the original tape-reading team (table  3) . This is a false-negative rate of 30.0 per cent (7/23). It is slightly, but not significantly, lower than the false-negative rate obtained from comparison of these original tape-reading results and the original examination diagnoses (9/23, or 32.1 per cent). Thus, designation of the second examination team's final diagnosis as the definitive criterion for use in assessment of validity of the tape-recording procedure did not result in any significant enhancement of validity.
Findings at Recall-Comparison of Second Examination Team and Second Tape-reading Team
Since the original tape-reading team had interpreted heart sounds recordings made with equipment that had not received widespread field testing, it was conceivable that its falsenegative rate of about 30 per cent reflected technical inadequacies and difficulties. For this reason, repeat tape recording was accomplished at the time of recall, utilizing the newest tape-recording equipment extensively field tested in the Chicago area high school project (see subsequent paper). Of the 185 children re-taped and re-examined at recall, 158 were listed as negative (no recall) by the second tape-reading teain, 27 were designated as exhibiting murmurs suspicious of organic heart disease and therefore requiring further evaluation (table 4) . Of the 23 children evaluated as positive for organic heart disease by the second examination team at its final fourman conference, 17 were listed for recall by the second tape-reading team, whereas six were designated as negative (no recall). Thus, the false-negative rate for the second tape recording and reading was 26.1 per cent (6/23). Again, this is a slightly, but not significantly lower false-negative rate than those obtained from comparison of the original tape-reading results and the examination diagnoses (32.1 per cent and 30.0 per cent, respectively-see above). These findings indicate that comparative quality of the tape recordings in the first and second procedures was apparently not a significant factor in accounting for the false-negative rate. between the first and second examination teams indicated a significant false-negative and false-positive rate on the part of the original examination team. Widespread experience demonstrates that a certain number and rate of false negative and false positive will inevitably occur, and the only realistic question is that of reducing it to a minimum. Both types of error are of considerable concern, since false stigmatization of heart disease can have negative effects as significant as the failure to detect actual organic heart disease.
In connection with this problem, an evaluation was made of interphysician agreement and disagreement among the four pediatric cardiologists accomplishing the seven evaluations in the 185 children they re-examined. In this assessment, findings of the four-man final conference were again taken as the definitive standard for assessing validity. In each of the six examinations prior to the four-man final conference, only one child was diagnosed false negative, a rate of 4 heart disease ( 10 previously known, eight undiagnosed prior to evaluation by the taperecording procedure); five were children with rheumatic heart disease (two previously known, three previously unknown). The specific diagnoses for the 18 children with congenital heart disease were ventricular septal defect (six children), atrial septal defect (one child), aortic stenosis (five children), pulmonary stenosis (one child), aortic stenosis plus aortic insufficiency (one child), coarctation of left pulmonary artery (one child), postoperative transposition of the great vessels (Baffe's operation) (one child), truncus (one child), complete heart block (one child). The specific diagnoses for the five children with rheumatic heart disease were mitral insufficiency (two children), aortic insufficiency (three children).
This ratio of congenital to acquired heart disease (greater than 3 to 1), and this number and per cent of previously undetected disease (11 of 23 children, or 47.8 per cent) are in accord with the previous findings of the Chicago mass field trial. 2 Of the six children with false-negative readings by the second tape-reading team, three were diagnosed congenital heart disease (ventricular septal defect, aortic stenosis, complete heart block) and three were diagnosed rheumatic heart disease (aortic insufficiency, two mitral insufficiency) by the second examination team.
Four of these children were also read false negative by the first tape-reading team (the children with ventricular septal defect, congenital aortic stenosis, rheumatic mitral insufficiency). The In addition to the 23 children evaluated as positive by the second examination team, five other children were shown to have organic heart disease among the 8,181 originally examined. None of these was seen at recall. They included one child (deceased) with cor pulmonale secondary to cystic fibrosis of the pancreas (diagnosis previously known), one child with transposition of the great vessels (diagnosis previously unknown), and two children with heart disease, type undetermined (diagnosis previously unknown). Thus overall rate of heart disease was 3.4 per 1,000 children (28 of 8,181 children, 14 or 50 per cent previously undiagnosed)-2.4 per 1,000 with congenital heart disease (20 children, eight or 40 per cent previously undiagnosed), 0.7 per 1,000 with rheumatic heart disease (six children, four or 66.7 per cent previously undiagnosed) and 0.2 per 1,000 with heart disease, type undetermined (two children, both previously undiagnosed). As previously stated, no information was obtained on heart disease in the small group of nonrespondents in this study, numbering only 179 children (only 2.1 per cent of the total population of 8,360 children).
Results of Independent Interpretation of the Electrocardiograms and X-rays
The three pediatric cardiologists interpreted the electrocardiograms as positive for heart disease on only nine, seven, and eight, respectively, of the 23 children diagnosed as having definite organic heart disease by the four-man final-conference finding. These are low validity rates of 39.1, 30.4, and 34.8 per cent, respectively. The radiologist interpreted the chest x-ray as positive for heart disease for six of these 23 children, for a low validity rate of 26.1 per cent.
Of the 162 children diagnosed negative for organic heart disease in the four-man final conference, false-positive interpretations were made from the electrocardiogram or x-ray on nine, two, one, and three, respectively. The first of the three electrocardiogram readers deliberately "over-read," in an attempt to minimize false negatives. The result was nine false positives, but nonetheless 14 false-negative and a low-validity rate of 39.1 per cent.
Analysis of the electrocardiographic and x-ray interpretations further indicated that addition of either or both of these procedures to the tape recording would not have enhanced validity. Thus of the six children with organic heart disease missed by the second tape-reading team (table 4) , all were also missed-i.e., were likewise false negatives-by electrocardiogram and x-ray.
Discussion
This study of heart disease in children in the elementary schools, public and non-public, of a midwestern non-metropolitan urban community revealed a prevalence rate for all organic heart disease of 3.4 per 1,000, and prevalence rates of organic heart disease, congenital and rheumatic, of 2.4 and 0.7 per 1,000, respectively. These rates are similar to those previously determined for Chicago public elementary school children in the 1959-60 mass survey by the heart-sounds tape-recording method.2 No significant differences in prevalence rates were noted between the metropolis and the non-metropolitan city. The congenital heart disease prevalence rates-2.1 and 2.4 per 1,000 children for Chicago and Michigan City, respectively-are similar. The prevalence rate for rheumatic heart disease for Chicago (1.3 per 1,000) was higher, but not significantly, compared with Michigan City (0.7 per 1,000). From previous experience, it is reasonable to suggest that the small group of 179 nonrespondents in Michigan City included a few children with known heart disease, both rheumatic and congenital, particularly the former (cf. reference 2 and the subsequent paper).
As previously found in Chicago,2 the Michigan City study indicated that congenital heart disease is the predominant form of organic heart disease in elementary school children in the United States today. This is a finding in marked contrast to that of earlier decades. It is fully in accord with mortality data demonstrating a marked decline in death rates from rheumatic fever and rheumatic heart disease among American school age children in the decades since 1920-a decline in the order of 90 per cent or greater. 3 Although the prevalence rate of rheumatic heart disease is rel-atively low, the disease has not been eradicated, as is evident from the Chicago and Michigan City findings. Acute rheumatic fever continues to occur endemically. The control of streptococcal infection and its late nonsuppurative complications-and the vigilance of physicians for this purpose-need to be further enhanced. 4 The Michigan City study is a thoroughgoing evaluation of the validity of the heartsounds tape-recording method for the detection of heart disease in children. A careful comparison between the findings by this method and by direct examination was obtained. It had the further advantage of making an assessment of validity based on examination of almost all the children in the community, so that those with positive findings can be regarded as constituting a representative sampling of contemporary heart disease in their age group. Thus this validity study avoided the skewing or bias resulting from arbitrary selection of known cases for insertion as unknowns to test validity (cf. references 2, 5, and the following paper).
As might have been anticipated, this evaluation of validity was complicated by questions concerning the validity of the reference standards, i.e., the diagnoses arrived at by direct examination. Thus, as indicated in the Results, it became necessary to do an extensive evaluation of the validity of the diagnoses made by the first examination team. The conclusion of four pediatric cardiologists in their final conference during the second examination was used as the standard of validity.
The validity rate for the heart-sounds taperecording method was in the range of 66.7 to 77.8 per cent. This is in general agreement with the rate reported in a recent study from Georgia with this method.5 The two studies also agreed on the higher validity rate for detection of congenital than for rheumatic heart disease. inserted as unknowns among the children tape recorded in one large Chicago school. As previously noted, the validity rate undoubtedly can be influenced by the nature of the cases inserted (cf. reference 2 and the following paper). Moreover, the physician readers in the Chicago elementary school study of 1959-60 knew which school had been used for testing validity. It is therefore reasonable to infer that the present validity rate of approximately 70 per cent is more representative and meaningful than the earlier one of about 90 per cent. As before, aortic valvular lesions were the major source of difficulty for this method of detecting organic heart disease in school children (cf. reference 2 and the following paper).
The validity rate of about 70 per cent is generally similar to that of other procedures for the mass detection of disease, and is generally regarded as satisfactory for a mass-detection procedure.
The heart-sounds tape-recording procedure has a distinct advantage over direct auscultation by physicians other than pediatric cardiologists, in that it has built-in procedures for minimizing false positives, and for "delabeling" children with false-positive diagnoses of heart disease (cf. reference 2 and the following paper). (For example, the false positive rate for the first examination team in Michigan City was 26.1 per cent.)
In accordance with the findings in the earlier Chicago public elementary school study, this acceptable rate of validity for the tape-recording method was obtained only when the tapes were interpreted by two trained readers; the validity rate was unsatisfactorily low, i.e., an inordinate number of children with organic heart disease were missed, when the tapes were interpreted by only one reader.
The electrocardiogram and the chest x-ray appear to be inadequate procedures for detection of heart disease in children, and their use did not enhance validity of the heartsounds tape-recording method.
The The major remaining difficulty with the tape-recording procedure is the problem of manpower and costs, particularly in relation to the necessity for the tapes to be read by two trained physicians. As indicated in the previous paper,2 it could be possible to overcome this problem to a considerable degree by automation of the tape interpretation, or by a corresponding procedure involving the use of modern electronic equipment to evaluate the heart sounds of children, and to identify those needing direct auscultation by pediatric cardiologists, without the need to utilize physicians in this first mass phase of detection. Work on this matter is currently in progress in a number of centers.
Utilization of mass procedures for detection is appropriate only if studies demonstrate a significant prevalence of previously undetected heart disease among children. 3. The tape-recording method has a builtin procedure for minimizing false positives, and for "'delabeling"' children incorrectly stigmatized as having heart disease. 4 . The prevalence rate for organic heart disease in this small midwestern city was 3.4 per 1,000; this rate was of the same order of magnitude reported for Chicago public elementary school children.
5. Congenital heart disease was again found to be 2 or 3 times more prevalent than rheumatic heart disease, reflecting the sharp decline in incidence rates for rheumatic fever and rheumatic heart disease in the United States since 1920.
6. In 47.8 per cent of the children with heart disease, the abnormality was previously unknown to the patient, his family, his physician, and his school just as was found in the Chicago study of children in the 6-to 14-year age group. 7. The yield from either direct auscultation Circulation, Volume XXXII, December 1965 or the tape-recording method was not significantly increased with addition of the electrocardiogram or the chest x-ray or both; these procedures appear to be inadequate for highvalidity detection of heart disease in children.
The Medical Teacher-His Responsibility What, on the other hand, does it mean to teach medicine today? To squeeze the whole world of knowledge we possess; to extract what is fundamental, what is basic, limiting ourselves to the indispensable; to train a student in the complicated techniques of modern methods of study, educate his spirit to make a man of science out of him, wise in observation, aware in research, accurate in his reasoning, and all this without depriving him as a clinician, of the ability to apply his knowledge; achieve all this over a brief period of a few years, while the youth becomes a man, and then send him out into the world with an education and a mentality in harmony with our times-let us agree that this is a grand educational task, a fine challenge to the most optimistic teacher.-DR. IGNACIO CHAVEZ. "Medical School and the Further Education of the
